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Goals 


> Consider basic VHF propagation modes and 
investigate probable RF coverage situations using 
the Radio Mobile for Windows Radio Propagation 
and Virtual Mapping Freeware program by VE2DBE. 


= Understand the value of Propagation Modeling Software 

= Understand some of the limitations 

= Make use of it quickly 

= Visual approach to walkthrough of key concepts to setup 
and operation 


Non-Goals 


> Make everyone a RF engineer 
> Make everyone a Geologist 


> Become an expert user 
= If you do be sure to teach the rest of us what you 
learned! 


> Disclaimer 
= I am not an expert user but it lets me compare 2 things 
with all else being relatively equal 
= Results are reasonably accurate 
= Weak signal modes can be much different 


Why Modeling? 


> You could personally travel to every good looking location 
= Coordinate a coverage test with a dozen mobile stations? © 
= Not convenient - time? no roads?, no equipment yet? © 
= Verify only the short list of potential sites © 


> Perform “What if” calculations on new equipment, different 
frequencies 
= Calculate power and gain, antenna pattern effects 
= Verify the performance of point-to-point or a network of radio links 


> Coordinate station coverage areas 
= Ad-hoc relays 
= Interference potential 
= Repeater site coordination 


> RF Propagation Modeling Software 

> Terrain Mapping 

> Freeware download for personal use 

> Authored by VE2DBE ao " 
> Automatically downloads [i= — 


Radio Propagation and Virtual Mapping Freeware 
maps and data from mae 
http://www. cplus._org/imw 


Internet as required 


> Several components. The most obvious are 
= Maps 
= Pictures 
= Networks 
= Units 


> Each has properties and can be saved in files 


> Can be used in various combinations 


at is Radio Mobile? 


FN weattienet - Radio Mebite -{...ple362.hmp] aicaed 
-@x 


TN .weattle set - Radio Mobile -[ \pac¥ lener threat huswancemver inland bmp] 
[De G& Yew Took Gotone leirdow te 


ONISHH 


W wit pi Nag= RB 


\scattle.nect - Radio 
[]} Eile Edt View Toots Qptions Window Help 
OSBR* SGEQGOORA €RBBX TEM W@OGER DB 


> Basic 
picture Is a a 
derived 
from SRTM 
data 


> Note the 
land edges 
are hard to 
distinguish 


SRTM and DEM 


> Shuttle Radar JOpogralony Map (SRTM) 
= Data is available free onli 
= Used to provide visible farain contour views and is a form of DEM 
a Ta i at 3 arcseconds (coarse) or 1 arcsecond (fine detail, large 
les 


> USGS Digital Terrain Elevation Data (DTED) Is free online 
provides terrain elevation for the US and Is available online 
from the USGS 


> SRTIM data and DIED data, with your choice of road map 
overlays enable the accurate spotting of radio locations and 
the analysis of path loss between them 


Picture Overlays (Edit: Merge) 


> Merge road or 
topographic 
maps from 
internet sources. 


> Can be other 
pictures 


> Add, Bitwise, 
Copy, Multiply 
Affect readability 
& color depth 


A Merge pictures over ..\Picture5.bmp 


Source MapPoint selection 
Another picture 


@ Noth America 
Internet LANDSAT «World 


 |ntermet Terraserver «USA 
 Intemet Tiger -USA 


© Europe 
© The World 


( |ntemet Toporama - Canada 


( Land Cover 


Internet MapQuest 


© Quo Vadis picture 


Picture With Map Overlay 


> Basic picture 
with road 
map added 


> Note major 
state roads 


> Using Bitwise 
makes a bit 
lighter 


Overlays: Grids Lines & Counties 


> Same SRTM 
picture 


> Lat long grid 
lines 


> County and 
Land outlines 


Overlays: Relief & Major Roads 


\seattle.net - Radio Mobile - [..\cn86-98.bmp] fe {&) 
[I] Ete Edt view Tools Options Window  tielp ~, 


osEKA COQ 0GRA 6 BRAY OLN WOOO6R D 


> Another map 
type example 


> Land outline 


> Interstates 
Only shown to 
reduce clutter 


> National Parks 
In green 


> Added in Lat/ 
Long grid 


[47°4542'N 1232256 W 


Overlays: Topographic Contours 


[N ..\seattle.net - Radio Mobile - [..\seattle.bmp] Ele) 
[1] Elle Edit view Tools Options window Help x 


PA CGEGQ 0008 628488 DEN WOOOGER DB 


> Same picture jn 
as before 


> Different 
scale 


> Contour lines 
shown every 
300 meters 


> Brings out 
high spots 


GPS 46°51'15"N 121°45'24"'\W <Qut of map bounds> 48°24'38"'N 123°16'49"W 


Elevation Grid 


> Elevation Grid uses 
DEM data, shows 
elevation at cursor and 
Surrounding points 


> Can automatically 
locate highest peak in 
map 


> Displays Lat, Long, and 
6 Digit Grid location 


cy tlevation grid (m; 


(2416 | 2598 | 3026 | 2855 | 2578 
2581 | 2939 [3371 | 3433 | 2830 
|2708 | 3202 | 3658 [3570 | 2983 


[2522 [2865 [3310 [3510 [2621 
(2418 [2610 [2962 [3215 [29986 


46°11'48'N 121°SO'14"W 


_ 
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\/ 


\/ 


\/ 
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How to setup up Radio Mobile 


Open a Map 

Center location using Latitude and Longitude (I use 47 and -122) 

Set Picture Size (I use 1240x950) 

Set data directory locations (SRTM and DTED) - Have lots of disk space! 
Can create several maps and Save to files 

Pictures are separate objects — can select combinations 


Open a Picture 
= Map properties determine picture boundaries 
= (Can merge several pictures or picture types 
= Can Save different views to files 
= Data files will automatically download for missing areas 


Create Units 
= Place unit at various location — use Lat-Long, grid square, city names 


Open a Network 
= Create Systems, assign properties and relationships among Units 
= Not directly related to pictures, but must align to be visible 
= Save networks with Units to files 


Maps 


Lae WAN | and -122W * ..\cn86-96-1.map properties 


iS my map Cente Size (pevel 
center 47°00'00.0°N 122°00°00.0"W Width{porels} Apply 
CNSBAX (1240 (950 
Latitude Longitude =a 
> Set directories (Si [122 Size e ies ears | 
Top Left 
to store data ieee | rizs3 ison Toplet 
files 129°24'21"W 
World map | Elevation data source Top Right 
Drive or path Top layer 50°5210"N 
> Set picture size Select a city name | [SRTM —_y| |fies\radio mobie\data Browse | 114°35'39"W 
Bottom Lef 
to fit screen Ener LAT LON oQRA | [DTED >| Jadomobie\data\tted — Browse | ‘TO7S0'N 
resol ution Select a unit + lc Browse | oe 
(1240x950) Botom Fgh 
Affects c Browse | 114°3539'W 
displayed Adjust units elevation Bottom layer 
map distance  Metge pictures ¥ Ignore missing fies 


Intialize matrx with elevation (m) (0 


[ Force gray scale 


Units 


Location zg Units properties (x) 
4 P , = Name Elevation (m) 
Information only [Genwi SCS*é«~iSASC*~C*~CS*S 

4 . Position 
> Mobile or fixed ee 


Sta tl on ; l Locked 


a= 7 Enter LAT LON or GRA 
> 6-digit grid : __ Evie laT ion rarA | 
: 4 * t iti 
conversion Place unit at cursor position | 
. Place cursor at unit position 
> Assign Icon 1 iiesicina siarosin 
Add unit to cities. dat | 
re WOS coordinates “val . : Get unit from cities. dat | 
Latitude [ff “foe ‘fiaa™ NI Apply Hock Style 
; is \v ° @ C Pj 
Longitude fizr* [50 ‘josa w| es Enabled Left Centre Right 


[ Transparent 


Latitude  [48.13845 , l No label BackColor | ForeColor | 
Icon 16x16 pixels 


Longitude [4 21.8348 : 4 if >| 
ORA CN38BD 


[ Show only units that are members of a visible network 


Networks 


Networks of links between Units can be configured with control of the power, 
height, and gain, and environment conditions: This is useful for repeater 
location planning and frequency coordination as well as planning ad-hoc mobile 
simplex net control operating locations. 


Parameters — ~ 
= Setup environmental conditions 
= Limitations and assumptions 


Topology 
= Voice or Data, clustered or star 


Systems | 
= Set general characteristic of a group of Units 
= Antenna gain, power, line loss, tower/mast height above ground 


Membership 
= Associate Units with Systems for each Network (Net) 


tyle 
= Green, Yellow, Red Lines 
= Shows relative signal strength 


Parameters 


Can create many iB Networks properties (x) 
combinations — 5 


give descriptive List of all nets Default parameters Copy Net | et | Cancel = poy | 
names Pa opology | M embership | Systems | be | 


Net name 

(6M Surface retractivity (N-Units} (301 
Choose best Minimum frequency (MHz) (50 Ground conductivity (S/m) {0.005 
Climate match 

Maximum frequency (MHz) (51 Relative ground permittivity 15 

Polarization Climate 
Set Frequency & © Verical © Hovizontal aoe 


antenna a of vanabilty © Continental sub-tropical 
po arization om %ottime [50 ( Maritime sub-tropical 


_ % of locations [50 ™ Desert 


( Mobile ; 
( Continental temperate 


( Broadcast % of situations (50 


(* Maritine temperate over land 


Use defaults for : i 

oth er param et ers vier ose ; — ( Maritime temperate over sea 
unless you know 
different! 


Topology 


Beisetaroric proteerties x] 
> Normally 
choose 
Voice net 
IV Visible 
> Set for @ Voice net Conmand/Subordnate/Rebroadcas 
each net C Data net, tar topoogy Master Slave 


Data net, cluster (Node/T erminal) 


Systems 


AY Networks properties | 


> Set Pee st Lit of all spetome Default parameters | Copy Net | | Cancel Apply ‘| 
gain, loss, etc. — — 
i Paramet | Topology | Membership | Ee 


a C h oo0se syste ‘an Select from Radiosys. dat 
System name VHF _ham 

>» I keep Transmit power Watt) [150 (dm) [51.8 
frequencies Receiverteshod iv) [01 —~S*CS*«m) DP 
Se Pa i te, D ut Line loss (d8) 1 ( Cable+cavities+connectors } 
frepeater | 
systems may Antenna gain (dBi) (9 (d8d} 16.85 
USE Many Antenna height (rn) E (Above ground } al 
bands Additional cable loss (dB/m) [0 (If antenna height differs J 


Add to radiosys. dat Remove from radiosys.dat | 


Membership 


i ASSOGCIi ate | A Networks properties (x) 
U n its with List of all nets Default parameters Copy Net Cancel Apply | 


a Net and _Paenaes | Tovar || 


System 


List of all units Member of 6M 


v 

¥ N7EPD Role of K7MDL-9 
¥ Green Mtn 

¥ High Rock Rd 
¥ Peterman Hill 


Command 


v Vancouver S 
a Ca n ¥ Capitol Peak zn 
Z ¥ Boistfort Peak Looko 
¥ Portland 

Ove r rl | a ¥ Mt. Crag Antenna height (m) 

' ¥ Sunrise 
each Unit Bee @ System 46 
antenna A WiAv nn 


¥ Hillsboro 


heig ht ¥ Ocean Shores 


Point to Point (Radio Link) 


lal Radio Link 


> Terrain 
profile 


23.408 


> Data 
window 


Transmitter Receiver 
(Wee ee cee ee ee ee ee ee” 9 ee 

[> e h oose [GreenMn = i tst—<“‘:;™SCsS 2 ree ~ 
Role Role Command 

2 it Tx system name | Rix system name § VHF_ham 
U a | S Tx power 51.76 dBm RequiredE Field -14.59 dBuV/m 

Line loss Antenna gain 3 dBi 
Antenna gain 6.85 dBd Line loss 1dB 
Radiated power EIRP=946.44.W SS ERP=577.1 W Rix sensitivity 0.1 pV 

be Se eC t Antenna height (m) 3 Apply Antenna height (m) 


Net Frequency (MHz) 


Network 44VHF 0 t—“‘“COSOS™S*;:CtY a ——— 


Network Map 


TI. weattie.net - Radio Mobile - [..\pacifienorthwestplusvancouverisland.bmp] Ee 


Yew Options Window Help 


> Terrain 
profile : 


> Data 
window 


> Choose 
2 units 


> Select 


Tools 


> Radio Coverage 
= Single Polar 
= Combined Cartesian 
= Interference 


> Visual Coverage 
> Visual Horizon 
> Radio Link 

> HAAT 


Tools: Radio Coverage 
Single Polar 


> 300km radius 
used centered 
on Green Mtn. 
CN98 


> Rainbow fill on 
gray scale 
picture for best 
visibility 


> Note intensity 
levels, blockage 
eastward, 
terrain shadows 


[Area covered is 196011 square km 


© Working Tip 


Pressing escape or recomputing 
coverage areas will undo change 
to picture and redraw fresh 
information 


Use “Keep Volatile" most of the 
time 


“Keep in new picture” overlays 
multiple computations. Good for 
saving maps on pictures. 


Grey scale picture is best (View: 
Force Grey Scale, Keep in New 
picture) 


Keep combined coverage in picture ? 
( Keep in actual picture 


( Keep in a new picture 


(* Keep volatile 


© Do not keep 


Tools: Radio Coverage 
Combined Cartesian 


> Useful to see (.) Combined cartesian Radio covera pe 

what total area : iw =a 

of cove rd g e ' In network ~ Cone 

anile ht be for [144 VHF Ei Load settings 

S| mM plex CO- P : [~ Save raster datatofile Load Save settings 
1 [” Save coverage pictures in "frames" director 

operat Ng relay a = oe oe 

stations . © Nobie 


C Mobile Tx 


Signal range to draw 


le Rainbow ) d 2 
selection show Keck Rie a 
5 7 West R 
relative signal Seco ein 
intensity over wi es size (pixels) 


region 


Tools: Radio Coverage 
Combined Cartesian 


>» Mobile TX (Could 
be a Repeater) 
Coverage from 
Green Mtn. 


> Note intensity 
coloring 


> Portland is in 
fringe coverage 
area 


Tools: Radio Coverage 
Combined Cartesian 


if, eattle.net - Radio Mobile 


[I] Ee Edt ew Tools Options 


osan* ©@e 


>» Mobile TX (Could oe 
be a Repeater) ce 
Coverage from 
Portland. 


> Note intensity 


coloring 
= Station is not 
located on a 
mountain top 


>» Seattle is in fringe 
coverage area 


Tools: Radio Coverage 
Combined Cartesian 


if, eattle.net - Radio Mobile 


[1 Ele Edt view Tools Options Window Help 


Added 3rd station 
in Tacoma. 


Note intensity 
coloring — Station 
is not located on a 
mountain top 


Seattle is in fringe 
coverage area 


Small low signal 
gap from Chehalis 
to Longview 


Tools: Radio Coverage 
Combined Cartesian 


> . (.) Combined cartesian Radio coverage 
Ad d N 7 E P D l al Fived unis) Mobile unit Apply 
Tacoma — 


: : N7EPD Cancel 
Make Mobile Unit ¥ Green Mn In network Cancel 


High Rock Rd rs 
Make Mobile RX ‘sonoma Load settings 


Vancouver 


Capitol Peak rs tet datatofle Load S ti 
a Ad d e ree Nn Wide a nd Boistfort Peak Looko Penne a = plicbislas 
5 v iyo [” Save coverage pictures in "frames" directory 
1 t, Crag Whee 
Portland as Fixed na likin Mode 
- Paradise (* Mobile Rx (* All picture 
KC7TLU ; 
Units Kem Cab ¢ 
ao Hillsboro 
> Check Ra in bow Ocean Shores Signal range to daw 


Rover @ SUnit From (>=) 
Johnston Ridge VC, $ 


>» Program merges the #isgu Fs 


: : Keechelus Ridge C WW 
2 non-mobile units Oho tah Te Cen 
KO7N 
Mt Erie Draw size (pixels) 
coverage areas Me —_ i» 


Tools: Radio Coverage 
Interference 


if » Wseattle.net - Radio Mobile - [..\pacifienorthwestplusvancouverisland grayscale bmp] aac} 


Repeater is on Green 
Mtn. 


Rx mobile station is in 
Tacoma trying to hear 
repeater Green Mtn. 


Interfering station in 
Portland, Oregon 


Colors show overall 
expected RX range of 
Repeaters 


Red shows where 
Oregon station will be 
heard over the 
Repeater 


Tools: Radio Coverage 
Interference 


Us eful for rep eater {) Interference Radio coverage fk) 


coverage planning Signal to draw Apply 
when occupying © Unk Nii Sal (>) 
same frequency mgm LD _ fae | cee il Cancel 
CW Minienumn $/1 (dB) Draw size pixels} aes Nii 
Identify Overlap in C BiVim fio ol | Interfered Signal 5 saat 
me 

coverage 

Wanted Signal Interfering Signal Mobile 
Select antenna Wanted Tx Uni Interfering Tx Unit Mobile Rx Unit 
pa ttern Green Min KO7N ’ | N7EPD 

Antenna pattem Antenna pattem In network 
should be strongest Front beam azimuth’) Front beam azimuth’ 
reception ina given [i View : alla 

I 

area [~ Draw pattern ia [ Draw patten 


Swap _| 


Tip: Antenna Patterns 


7 M ost Antenna file 
examples aC 
h e re a re Front beam azimuth — 
Uu Sl a g 6) mM a l Front beam gain (dB) 
antenna ae 
patterns — 


I¥ Draw grid 


Iv Draw labels 


» Can use yagi ee 
or other Copy to clipboard | 


patterns Plot color 
Grid color 
Back color 


Tools: Visual Horizon 


Ae] Visual Horizon (x) 
> 360 degree Unit to observe from 
view from [N7EPO Z| Elevation (m) 96 Height (m) [2 Apply | 
operator Elevation angle scale: Target {m] 
position in l¥ Automatic Miramium [*] | Maximum [*] | [2 Copy | 
Tacoma 
> Mt. Rainier 
at 125 
degrees 
> Olympic 
Mtns. at 


-4.00 
0 20 40 60 80 100120140160 180 200 220 240 260 280 300 320 340 360 
3 1 0 Elevation Angle (Degree) versus True North Azimuth (Degree) 


degrees SS ——— ee Expat | 


Height Above 
Average Terrain 


5 circles every 2 
miles from 
antenna 


Elevation 
recorded at 
every 45 degree 
intersection 
with circles 


Tools: HAAT 


i) Heigth Above Average Terrain 


Centre Antenna height above ground (m) 


Kolo 


Azimuth step ("] Start at distance {km} 


45 321 8688 _UsAdeaa | 
Number of points per radial ~—-Distance step (km) Euro default 
5 321 8688 fick 


im 


HAAT 


Green Mtn. used as 
example 


358.17m height 
above average 
terrain 


Useful for repeater 
coordination forms 


Every Commercial 
Radio/TV station 


files with FCC and 
records HAAT value 


D) Haat txt - Notepad 


Eile Edit Format Yiew Help 


Height Above Average Terrain 
Report generated at 9:32:05 PM 


Antenna geographic coordinates 
48°08'°18°N,121°50'OS"w 

CNS85D 

Ground elevation: 904m 


3/22/2005 


Ground elevationan) 


0854.0 
0842.0 
1024.0 
0382.0 
0083.0 
Average 638.2m 
HAAT 267.8m 
O3.22 o582.0 
06.44 1344.0 
09.66 0690.0 
12.87 1386.0 
16.09 0246.0 
Average 849.6m 
HAAT 56.4m 
03.22 0940.0 
06.44 0753.0 
09.66 0628.0 
12.87 0917.0 
16.09 o722.90 
Average 792m 
HAAT 114m 
O3.22 0648.0 
06.44 0323.0 
o9. 66 0347.0 
12.87 o725.0 
16.09 0484.0 
Average 506.6m 
399.4m 
0285.0 
0746.0 
0419.0 
0420.0 
0511.0 
476.2m 
429. 8m 
0329.0 
Oo317.0 
0361.0 
0136.0 
0220.0 
272.6m 
633.4m 
0491.0 


O00 
O00 
ooo 


NNNNNN 
NSNNNANN 
oouuuM 


Antenna elevation above sea level 


Average ground elevation above sea level 


547.83m 


Options: GPS 


Driving surveys 
= Verify actual 
received strength 
compared to 
prediction 


Provides location to 
APRS feature 


Translate into 6 digit 
Maidenhead grid with 
Elevation Grid table 


I use an inexpensive 
USB GPS module on 
Laptop 


[eT GPS options 


[~ Send my unit position at every Tx interval 
[ Receive and send positions via multicast 
[ Redraw networks at every Rx interval 

f¥ Record my position to log file 


[ Leave trace over map 


LocalGPS {NMEA 0183} Multicast channel 


IP address 


Serial port 4900 bps 


5 231.31.31.31 


- 9600 
cab Port 


[ Use CheckSum 
3500 


“ < 
[~ Simulate GPS GPRMC Tx interval (s) 


c 
iy omit GPGGA 10 


Rix interval (s} 
10 


|K7MDL- = [~ Record all 


Play back 
GPS log file 


GPS. TXT Browse | 


Read interval [s) 
2 


Options: APRS 


> As a fixed PLACES tion ® 
Station tool, can 
plot positions of 
selected mobile 1PRS seionshead | __ Cow _| Ra Moet of Unis 


(Check first unit in sequence to use) 


!” Enable APRS APRS Server or AGW Host 1127.0.0.1 


units 
¥ Peterman Hil 
> Provides free “Vere 
detailed “Boi Peak Looko 
mapping with 
customizable 
topog raphic I Fier urits according to map in memory 


features 


Options: Internet Data Sources 


IM internet options fx) 
» Keyfeature = 
automates the [_SATM]] Topuama | Teraserver | Web update Cancel | Any | 
data file download Shuttle Radar Topography Mission (SRTM) 
for SRTM and Download from Internet if a file is not found on local path 


other data 
(* Download from Intemet if a file is not found on local path and keep a local copy 


: © Use local files only 
> Automatically 


checks for Local fles path 
program updates (\PogenFlesRedoMobllDas——SSSSCSCS*~*~S~S*«~S | 


(frequ ent upd ates Intemet ftp directory 
[ Try first on Virginia Digital Emergency Network (Files modified by users) 
are made) 


Other 


ie 


Options: S-Units 


Select definition OF Fis unit options 


an S-Unit 
Fx < SOMHe 
Notice HF and VHF ae $9 level (p\) 
( |ARU Region 1 standard 
Can set by Fx >= J0MHz 
microvolt level if $9 level (iV) 
cen i 


f S} $2 $3 $4 SS $6 S$? $8 $9 S910 $920 SH 
Elecraft XG-1 gives Ff] oy oo oo ot 
-73dBm (50uV) for 


SI @ 7.040MHz 


Where to find the Software 


> tt / WWW. CpIuS. OnG/ hmW 
> http://WwWw.gsi.net/ve2dbe 


> Web site provides links to data sources, map 
sources, city database, more 


Radio Mobile 


Version 6.5.0 


Radio Propagation and Virtual Mapping Freeware 
by VE2DBE 


